Proteins of the Rho family of small GTPases are central regulators of the cytoskeleton, and control a large variety of cellular processes, including cell migration, gene expression, cell cycle progression and cell adhesion 1 . Rho proteins are molecular switches that are active in GTP-bound and inactive in GDP-bound state. Their activation is mediated by a family of Guanine-nucleotide Exchange Factor (GEF) proteins. Rho-GEFs constitute a large family, with overlapping specificities 2 . Although a lot of progress has been made in identifying the GEFs activated by specific signals, there are still many questions remaining regarding the pathway-specific regulation of these proteins. The number of Rho-GEFs exceeds 70, and each cell expresses more than one GEF protein. In addition, many of these proteins activate not only Rho, but other members of the family, contributing further to the complexity of the regulatory networks. Importantly, exploring how GEFs are regulated requires a method to follow the active pool of individual GEFs in cells activated by different stimuli. Here we provide a step-by-step protocol for a method used to assess and quantify the available active Rho-specific GEFs using an affinity precipitation assay. This assay was developed a few years ago in the Burridge lab 3,4 and we have used it in kidney tubular cell lines 5,6,7 . The assay takes advantage of a "nucleotide free" mutant RhoA, with a high affinity for active GEFs. The mutation (G17A) renders the protein unable to bind GDP or GTP and this state mimics the intermediate state that is bound to the GEF. A GST-tagged version of this mutant protein is expressed and purified from E. coli, bound to glutathione sepharose beads and used to precipitate active GEFs from lysates of untreated and stimulated cells. As most GEFs are activated via posttranslational modifications or release from inhibitory bindings, their active state is preserved in cell lysates, and they can be detected by this assay 8 . Captured proteins can be probed for known GEFs by detection with specific antibodies using Western blotting, or analyzed by Mass Spectrometry to identify unknown GEFs activated by certain stimuli.
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Video Link
The video component of this article can be found at http://www.jove.com/video/3932/ Protocol 1. Transformation of E. coli with the pGEX-RhoA(G17A) Construct 1. Prepare LB-Agar by dissolving 2.5 g LB and 1.5 g Agar in 100 ml dH 2 O. Autoclave and cool to an estimated 50-55 °C, which as a rule of thumb, is when the flask can be held comfortably. 2. Prepare Ampicillin (Amp) stock by dissolving 50 mg/ ml in dH 2 O. Syringe filter and freeze unused aliquots. Add 100 μl of Amp stock (final concentration 50 μg/ml) to the LB-Agar from 1.1. Swirl to mix and pour into 10 cm bacterial dishes (15-20 ml/dish). Allow it to solidify (15-30 min.) and store unused plates inverted at 4 °C for 2-3 weeks. 3. To transform E. Coli, quickly thaw an aliquot of DH5α competent cells in an ice bath. Add 1 μl of pGEXRhoA(G17A) DNA diluted to 25-50 ng/ μl. Flick the tube to mix and incubate on ice for 30 minutes. Heat shock at 42 °C for 45 seconds and place back on ice for 2 minutes. Add 900 μl SOC medium and grow for one hour at 37 °C with shaking. 4. Spread 50-100 μl of the transformed bacteria on an LB-Agar-Amp plate using a bent sterile Pasteur pipette. Incubate the plate right side up in a 37 °C incubator for 5 minutes and then invert and grow overnight. 5. A single colony will be picked from the plate for preparation of the GST-tagged protein (step 2.1). For future use, wrap and store plates inverted at 4 °C for about 3 weeks. In addition, bacterial stocks can be prepared for more prolonged storage by growing individual colonies in 2 ml sterile LB-Amp overnight at 37 °C with shaking. Mix an aliquot with sterile 80% glycerol in a 1:1 ratio and freeze at -80 °C. Representative result of the bead preparation protocol. A Coomassie stained gel with successful GST-RhoA(G17A) bead preparation is shown. Bead sample and BSA protein standards were separated by SDS-PAGE using a 10% acrylamide gel. To test the beads, 10 μl of the final bead slurry containing GST-RhoA(G17A) is diluted 1:1 with reducing Laemmli sample buffer and boiled for 5 minutes. The beads were spun briefly and the supernatant loaded on the gel. The following samples were loaded: Lane 1: molecular weight marker (MW) (FroggaBio BLUeye prestained protein ladder); Lanes 2-4: 5, 10 and 20 μg Bovine Serum Albumin (BSA); Lane 5 is empty; Lane 6: 10 μl of the freshly prepared RhoA(G17A) beads. After separation is completed, the gel is stained using Coomassie Blue and subsequently destained to reveal proteins. The molecular weight of the GST-RhoA(G17A) protein is roughly 50 kDa and runs around the level of the 48 kDa marker. The concentration of the GST-Rho protein in this particular sample is estimated to be around 15 μg/10 μl slurry. Following treatment the cells were lysed and active GEFs were captured using GST-RhoA(G17A) bound beads. The presence of GEF-H1 in the precipitated proteins (top blot) and total cell lysate samples (bottom blot) was detected using Western blotting with an anti-GEF-H1 antibody (Cell Signaling). Please note the increased amount of precipitated GEF-H1 in TNF-α-treated versus non-treated cells relative to the equivalent inputs, indicating a successful result.
Figure 4.
A "bad result". Although the GEF pulldown assay shown here resulted in some GEF-H1 captured by the beads, the amounts precipitated from control and TNF-α-treated cells are the same. Thus TNF-α, a know activator of GEF-H1 in this case did not induce activation. In this particular experiment subsequent troubleshooting suggested that the TNF-α used was not fresh enough and probably degraded.
Discussion
The method presented here is the only available non-radioactive activation assay for GEFs that can follow the active pool of GEFs in cells. The assay is similar to the precipitation assays used for following activation of small GTPases as well as GEFs against Rac and Cdc42. Those assays use different GST-tagged proteins and have slight differences from the one described here, however the basic steps are the same. Thus, this protocol can easily be adapted for other small GTPase and GEF activation assays.
The presented GEF assay was recently modified for application for nuclear fractions 9, 10 . With further modifications, testing of GEF activation in other subcellular compartments might also be possible.
We use the presented method to study activation of GEFs in epithelial cell lines 5, 6, 7 . With some optimization, this assay should be adequate to detect GEFs from any cell line. When adapting to a specific cell type, find the optimal cell number, lysis buffer volume, and detection method for the GEF to be tested (a good antibody for Western blotting is important). For initial setup of the assay it is advisable to use a stimulus that is known to activate the GEF of interest. When using an unknown stimulus, always use a positive control to verify that your assay is working. This assay can be used to detect activation of known GEFs by Western blotting. However, it is also adequate to identify unknown GEFs. For this, captured GEFs from control and stimulated samples should be analyzed on a Coomassie-stained gel. Bands that appear only in stimulated samples might contain activated GEFs and can be sent for identification by Mass Spectrometry (e.g. 5 ).
Finally, a cautionary note. The assay is based on the assumption that the posttranslational modifications rendering GEFs active are preserved after cell lysis. Indeed, this is clearly the case for a number of GEFs, and since its establishments, this assay has been used by various groups to detect activation of different GEFs, including GEF-H1, p115RhoGEF and XPLN (e.g. 5, 11, 12, 13 ). Preservation of the active state however might not happen in the case of all GEFs, and therefore it is conceivable that this assay will not work for all GEFs. It also has to be noted, that many GEFs exert activity towards more than one small GTPases. Thus, when a specific GEF is studied, it is recommended to complement this assay with GEF precipitation assays for other small GTPases, as well as functional studies examining RhoA, Rac1 and Cdc42.
Critical steps in the protocol:
Colonies of transformed bacteria should be picked from fresh, properly prepared plates to ensure adequate selection by Amp, good outgrowth and yield. Transformation conditions for competent cells obtained from other sources may vary and should be consulted.
All steps of the protein preparation protocol (from step 2.3) and the assay (from step 3.2) should be performed at 4°C with cooled solutions and centrifuges.
Bacterial lysis (step 2.5) should be thorough and complete in order to obtain a homogeneous suspension. When lysing the bacteria, vortex and pipette the lysate alternately, while maintaining it at 4°C and ensure sonication is done on ice to prevent denaturing the protein. If using a different model of sonicator, conditions may need to be adjusted. Incubation of sonicate with the beads should always be done at 4°C on a rotator to ensure sufficient binding, and care should be taken to keep the timing consistent.
GST-Rho mutants are somewhat unstable when expressed in bacteria, so it is best to use prepared beads right away or within a few days.
The precipitation assay (Part 3) is time and temperature sensitive, as active GEFs can be easily lost from the cell lysate, so steps should be performed as quickly as possible.
The following section contains some trouble-shooting tips.
No or very low amount of mutant Rho protein in the final bead preparation: This may be caused by inefficient induction, insufficient lysis of the bacteria, or a loss of the protein during the preparation process or storage. To help troubleshoot some of these possibilities, samples of bacteria can be analyzed before and after induction. If there is poor induction of the protein repeat the process using a colony from a freshly streaked plate or from re-transformed competent cells. Different IPTG concentrations and induction times should also be tested. If the lysis is insufficient (i.e. the protein remains in the pellet instead of the supernatant) varying salt and detergent concentrations in the lysis buffer can be
